Among the many already known mycotoxins, the ones most relevant as health hazards in Great Britain, and in other Countries in the temperate zones, are the secondary metabolites of Fusaria. These common moulds (often pink) can produce in stored highmoisture agricultural products, the oestrogenic, non-steroidal, zearalenone and/or T-2 toxin, and other irritant trichothecenes.
INTRODUCTION
Moulds grow when humidity is high. Some of the 100,000 species of moulds can produce toxic or otherwise deleterious metabolites known as mycotoxins. Such metabolites are termed secondary, because they are not essential for the existence and reproduction of the species which produce them. Secondary metabolites are produced under specific environmental conditions, and these differ widely for different mycotoxins. (Martin, 1981; Schoental, 1981a; Ueno, 1980; Mirocha, 1974) .
The more widely known among mycotoxins are aflatoxins, which are produced in significant amounts by the microfungus, Aspergillus flavus, at temperatures about 30°C and 15% of moisture, in peanuts and in other foodstuffs grown in warm climates. Some of the other common microfungi, the Fusaria, produce the oestrogenic zearalenone (Figure 1) , and the cytotoxic trichothecenes, such as the T-2 toxin ( Figure 2 ) at about 50% of moisture and at temperatures fluctuating between 5-20°C. Such conditions often prevail in the British Isles and in some other countries in the temperate zones (for references see: Schoental, 1981a) . When during the harvest the weather is rainy, cereals and other agricultural products will become mouldy, unless appropriately dried. Mouldy grain, unsuitable for human consumption may be used for alcoholic fermentation or diluted with good grain and fed to pigs and to other livestock. Mycotoxins ingested by livestock may partly be excreted as such. In part they may be 147 HO 16 CH, metabolised by oxidation, hydrolysis and conjugation to more water soluble derivatives. These are often less toxic and are more readily excreted in the urine. Small amounts of the mycotoxins and of their metabolites are secreted into the milk and eggs; usually only traces remain in the animal tissues. However, mycotoxins which are fat soluble (lipophilic) may accumulate in the adipose tissues and may remain in the fat derived from these tissues. Mycotoxins, such as aflatoxin, zearalenone and T-2 toxin are resistant to cooking and baking. They remain in food, prepared for human consumption from cereals, fats, eggs, milk, and meat. Only sporadically will the levels of mycotoxins in such foods be significant and present health hazards. However, it is worth noting that babies and the very young are more susceptible than adults to the action of mycotoxins, and milk constitutes the main food of infants (Schoental, 1981b) . Similarly, the foetus is usually more susceptible to deleterious agents than the mother. When transplacentally affected by mycotoxins ingested by the pregnant female, the individual will be affected throughout life. In the foetus the organs which are under most active development at the time of exposure to teratogens are likely to be affected most. When exposed to excessive oestrogenic agents, including zearalenone, at the time of development and differentiation of sex organs, precocious sexual development and other abnormalities may result. This was recently observed in Puerto Rico among children, between several months and 6 years of age, who developed breast enlargement and menstruation (Comas, 1982; Saenz de Rodriguez and Taro-Sola, 1982; Schoental, 1983a) .
Among the known mycotoxins, the aflatoxins damage mainly the liver and 148 the kidneys; ochratoxin-the kidneys; T-2 toxin-the digestive tract and the brain; and zearalenone -the genital and other organs which are targets for oestrogens.
. The damage can be acute, subacute, or chronic; various degenerative disorders, including tumours, benign and malignant may develop. Continuous exposure to mycotoxins is not necessary. As in the case of other carcinogenic agents, cancers can result from a few exposures to relatively large doses (Schoental, 1981a; 1983b) . The correlation of the geographical distribution of gastrointestinal and breast cancer indicates a possible involvement of Fusaria! mycotoxins Oansson et al., 1975) .
THE EFFECTS OF FUSARIAL MYCOTOXINS IN RELATION TO NUTRITION
Large doses of Fusaria! mycotoxins, especially T-2 toxin, are immunosuppressive and can facilitate various infections, bacterial and viral (Schoental, 1981c) . It may be significant that outbreaks of many infective disorders in man and livestock are often seasonal, related to weather conditions, and to the nutritional status of the individual. During the outbreaks, some individuals succumb, while others remain unscathed. This may be partly due to genetic predisposition, but environmental and nutritional factors appear also to be involved.
It has been claimed that other human disorders, such as fetal abnormalities, Down's syndrome, schizophrenia, and certain neoplasias in children and adults may be related to the season of birth (e.g. McKeown, 1951; Anon, 1983) . Such claims have been often followed by reports showing data collected in different geographical areas, or in different years, that failed to confirm seasonal influences on the respective disorders.
Contradictory data would be compatible with causative agents such as mycotoxins, the levels of which in agricultural products vary greatly from place to place and from one year to another, depending on the prevailing weather conditions (Stoloff, 1976; Mirocha, 1976; Hacking et al., 1976; Martin, 1981; Sutton et al., 1980; Buckle, 1983) . Cereal grains in particular, if inappropriately dried after wet harvest become mouldy and favour the production of mycotoxins. The degree of moisture and the environmental temperatures determine the type of the mycotoxins produced during storage and their respective amounts, which usually increase with the length of storage, and persist long after the microfungi might have disappeared. Thus, the same batch of grain, that appeared perfectly wholesome in the autumn, may contain significant amounts of mycotoxins in the spring, after having been stored over the winter.
Like other toxic xenobiotics, ingested mycotoxins undergo enzymatically induced metabolic changes in the mammalian body. The mycotoxins may deplete coenzymes and vitamins which are the respective prosthetic groups of the enzymes. The depletion is more serious when superimposed on already poor nutritional status and low reserves of vitamins of the individual.
• Pellagra Pellagra is a striking illustration of such combination of causative factors. It occurred mainly among the poor and starved (Roe, 1973) , or when the harvest failed and cereal grains imported from abroad by long sea routes, had to be consumed. Such grain, mainly maize, was often mouldy. When tested its extracts were toxic to experimental animals. Micro-biologists were. unable to isolate the organisms, the cultures of which would reproduce the toxicity of the extracts from the mouldy maize (Schoental, 1980) . It is only recently that certain micro-fungi, including Fusaria, have been shown to be 'short lived', and to disappear under conditions which permit others belonging to the persisting Penicillium or Aspergillus species to flourish (Pelhate, 1969) .
The toxigenic organisms responsible for pellagra were probably mainly 149 Fusaria (the 'field' effects are usually due to multi-mycotoxins). It has been known that people who consumed protein-rich diet and plenty of vitamins, escaped the worst effects of pellagra. Pellagra is now only occasionally seen, e.g. among alcoholics.
Wernicke-Korsakoff encephalopathy
The possibility has to be considered that Fusaria! mycotoxins may play a part in the aetiology of Wernicke-Korsakoff encephalopathy in which thiamine deficiency is a prominent feature (Anon, 1979) . This disorder was often, but not always, correlated with excessive ingestion of alcohol. It has been suggested that alcoholic beverages should be routinely supplemented with thiamine (Centerwall and Criqui, 1978) . Grain used for alcoholic fermentations may occasionally be mouldy, especially when imported from overseas (Buckle, 1983) . Experimentally, T-2 toxin was found to depress blood-thiamine concentration in rats (Schoental et al., unpublished data) .
'Alimentary toxic aleukia' ('septic angina')
Outbreaks of disorders known as 'alimentary toxic aleukia' used to occur in the Russian grain belt and were related to weather conditions Ooffe, 1978) . This is the accepted designation of a syndrome known also as 'septic angina', 'panmyelotoxicosis', and by a variety of other names. It is caused by the consumption of bread made from over-wintered grain. Due to specific weather conditions it becomes mouldy, contaminated by toxigenic species of Fusarium and other microfungi, and by their mycotoxins. This syndrome resembles the effects following radiation. It was particularly severe during the 2nd World War among the famished people in the Orenburg district. Alimentary toxic aleukia (ATA) consists of at least 3 stages: a period of 3-9 days of acute upset of the gastrointestinal tract, followed by a period of 2 weeks to 2 months of apparent improvement, and a third stage of fatal infections of the throat and lungs. During the second stage leukopenia, thrombocytopenia and haemorrhagic rash may appear; the leukopenic immunosuppressive state preceding the third stage. In less serious cases the recovery was very slow Ooffe, 1978) . The mycotoxins responsible for ATA have been identified as mainly trichothecenes, of which T-2 toxin reproduced in experimental animals many features of ATA. T-2 toxin (3a-hydroxy-413, 15-diacetoxy-8a-(3-methyl-butyryloxy)-12, 13-epoxy-trichothec-9-ene) ( Figure 2) is irritant, immunosuppressive, cytotoxic to many cell types, and can cause in rodents acute and chronic lesions of the alimentary tract, haemorrhages and various tumours, benign and malignant (Schoental, 1981a) .
It would be of interest to know whether patients who recovered from ATA in USSR developed a high incidence of oesophageal, gastro-intestinal, pancreatic or brain tumours.
Foetal abnormalities
A similar situation appears to operate in regard to foetal abnormalities. Smithells and his colleagues have found that vitamins B-supplements given to women who had defective offspring can prevent re-occurrence of foetal abnormalities in subsequent pregnancies (Smithells et al., 1981) . The type of xenobiotics to which these women were exposed is unknown, but striking neonatal abnormalities such as spina bifida and anencephaly, were described long before the advent of synthetics. It seems possible therefore that 'naturally' occurring teratogens were responsible. As the incidence of such foetal abnormalities is higher in Wales, Ireland and the West of Scotland, which are damper than the South of England, mycotoxins may be involved. As yet, nobody has looked into this 150 possibility.
In Great Britain, the surveillance of human food and animal feedstuffs for the presence of the relevant Fusarial mycotoxins, such as zearalenone and the trichothecenes, the estimation of which is complicated· and requires expensive apparatus, has been only fragmentary (Hacking, 1976; Buckle, 1983; Gilbert et al., 1983) .
The development of sensitive radio immunoassays for the estimation of zearalenone (Yhouvenot and Morfin, 1983) and T-2 toxic (Fontela et al., 1983) should make it possible to find out whether fusarial mycotoxins are involved in some of the foetal abnormalities or other disorders (van Rensburg, 1977; Schoental, 1983c) .
